New directions: Shall we peel an orange? by Morawska, Lidia
 
 
 
This is the author version published as: 
 
 
This is the accepted version of this article. To be published  
This is the author version published as: 
 
 
 
 
  
 
Catalogue from Homo Faber 2007 
 
 
 
 
 
 
 
 Abstract  
Being as a relatively new approach of signalling, moving-block scheme significantly increases line 
capacity, especially on congested railways. This paper describes a simulation system for multi-train 
operation under moving-block signalling scheme. The simulator can be used to calculate minimum 
headways and safety characteristics under pre-set timetables or headways and different geographic and 
traction conditions. Advanced software techniques are adopted to support the flexibility within the si 
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Shall we peel an orange? 1 
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 5 
It was (northern) summer 2007 when, at the beginning of August during the peak of the 6 
holiday season, the publication of a scientific article forced several people to cut short their 7 
summer break. The article reported emissions of ultrafine particles from a large number of 8 
office printers, across different models and manufacturers (He et al., 2007). Naturally, the 9 
printer industry became anxious about the impact of this publication on business, and hence, 10 
there was a need for quick action and damage control.  11 
So what were the particles and how did they form? Well, there was no information about 12 
particle characteristics or their formation mechanisms in the original paper, which only 13 
analysed their size distribution below 100nm. It was not until about two years later when a 14 
subsequent study shed light on the origins of the mysterious particles (Morawska et al., 15 
2009a). The particles were shown to be volatile and of secondary nature, formed in the air 16 
from semi volatile organic compounds which originated from both the paper and hot toner. It 17 
was found that some of the toner was initially deposited on the fuser roller, after which the 18 
organic compounds evaporated and formed particles, through one of two main reaction 19 
pathways: homogenous nucleation or secondary particle formation involving ozone. 20 
The phenomenon of secondary organic aerosol (SOA) formation was hardly new. There was 21 
already a vast body of knowledge on outdoor SOAs and the various mechanisms by which 22 
these particles formed in the atmosphere under a range of meteorological, precursor and solar 23 
radiation conditions. Yet, it is acknowledged that science still has quite some way to go 24 
before understanding of these processes is their entirety. Given the important role these 25 
particles play, potentially providing the key to discovering the direction of major atmospheric 26 
processes and their impact on climate and the environment, it is not surprising that some 27 
predict that future Nobel Prizes will be awarded for discoveries in this field.  28 
The topic of SOA formation was not new in relation to indoor environments either. Several 29 
research groups have conducted investigations into the formation of SOA’s in indoor 30 
environments, through the reaction of O3 with volatile organic compounds (VOCs), most 31 
commonly terpenes (α-pinene and limonene) and terpene related compounds (linalool, α-32 
terpineol) (e.g. Wechler 2004). Studies were conducted whereby a controlled amount of a 33 
known substance was introduced into an enclosed space, such as a test chamber, office or 34 
house, along with O3, which was introduced by an O3 generator. The substances introduced 35 
included: detergents (e.g. orange oil-based degreaser, pine oil-based general-purpose 36 
cleaner), paints, pure chemicals (e.g. limonene), a mix of VOCs (including terpenes), 37 
building materials (including cedar board, Japanese Cyprus board, and waxed and un-waxed 38 
plastic tiles), scented oil air fresheners and floor polish. Most of these studies demonstrated 39 
large concentrations of SOA formed, and many of them quantified particle formation rates 1 
and/or explained the formation mechanisms. 2 
While the conditions in many of the studies were comparable to those of typical indoor 3 
environments, indicating that such process can occur in real environments, only a handful of 4 
studies encountered the presence of indoor SOAs without intentionally generating them. One 5 
of the very few that did was a recently published study on SOA formation in a primary school 6 
classroom, which linked the formation of these particles to the precursors emitted from 7 
detergents and liquid materials used in art classes (Morawska et al., 2009b).  8 
But some researches would say that they knew all along that this was happening. It was years 9 
ago when I first compared notes with somebody about the impact of peeling an orange on 10 
indoor particles. So what was the impact? Well, you start peeling the orange for your lunch 11 
and in no time at all particle number concentration shoots up by several orders of magnitude. 12 
And although many particle researchers knew about this phenomenon, somehow it did not 13 
inspire our imagination or provide motivation to research it, until recently, when it was 14 
eventually documented by a Finish group (Vartiainen et al., 2006). 15 
All of this is very interesting science but is it a problem? Do these processes really impact on 16 
particle concentration indoors and do the particles pose health risk? 17 
The answer to the first question is: we don’t really know. Based on scientific understanding 18 
of the process and frequency with which the devices and products that emit these precursors 19 
are used, we should see them very frequently. Yet, the fingers on one hand are sufficient to 20 
count the number of papers which have investigated this phenomenon.  21 
In relation to the second question, as concluded by the World Health Organization (WHO 22 
2005), there is mounting evidence on the toxicological effects of ultrafine particles on human 23 
health. However, most of the research appears to have been directed towards particles from 24 
combustion processes, in particular vehicle emissions in urban environments, or mix of 25 
pollutants, including ultrafine particles.  26 
But based on their short term exposure experiments on mice, Wolkoff et al. 2008 reported 27 
that SOAs were not the causative agent for the adverse effects resulting from exposure to a 28 
terpene/ozone by-product mixture. The authors considered that the lack of response to these 29 
very high particle concentrations clearly indicates that these types of particles are unlikely to 30 
cause any short or long term respiratory effects. However, the assay did not deal with 31 
cardiovascular effects, and these are the effects which have been frequently linked to 32 
exposure to ultrafine particles. 33 
Thus, it is obvious that more work still needs to be done (scientists always conclude this, 34 
right?) on investigating particle formation mechanisms and the frequency of occurrence in 35 
real indoor environments, as well as their characteristics, including surface structure and 36 
chemistry. In addition, well targeted toxicological studies are needed not only to advance the 37 
field, but also to assess the extent of the problem (if it is a problem) in relation to potential 38 
health effects.   39 
So in conclusion, based on all of the above, we don’t know really know how safe it is to peel 1 
an orange… 2 
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